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3D Prostate Histology Reconstruction Informed by Quantified Tissue Cutting and Deformation Parameters

**Eli Gibson^1^, Cathie Crukley^1,2^, José A. Gómez^1^, Madeleine Moussa^1^, Glenn Bauman^1,2^, Aaron Fenster^1,2^, Aaron D. Ward^1^**

^1^The University of Western Ontario, Robarts Research Institute, London, Ontario, Canada, ^2^Lawson Health Research Institute, London, Ontario, Canada. E-mail: <egibson@imaging.robarts.ca>

**CONTENT**

3D reconstruction of digitized 2D histology sections sparsely sampled from grossed tissue blocks depends on knowledge about the position, orientation and deformation of tissue during histological processing. Many 3D reconstruction methods make the assumption that histology sections are taken from equally spaced, parallel planes at the front faces of tissue blocks. This work quantified aspects of histological processing and applied the results to inform the design of a reconstruction algorithm that aligns histology to ex vivo magnetic resonance (MR) images.

**TECHNOLOGY**

We acquired MR images with 0.27×0.27×0.20mm voxels using a 3T Discovery MR750 (GE Healthcare, Waukesha, USA), and histology images with 30×30μm pixels using a ScanScope GL (Aperio Technologies, Vista, USA) bright field slide scanning system. Statistical analysis was performed using Prism 5.04 (Graphpad Software, Inc., San Diego, USA). We developed the 3D reconstruction using MATLAB 7.8.0 (The Mathworks Inc., Natick, USA).

**DESIGN**

MR images of 7 radical prostatectomy specimens were acquired before and after gross sectioning into 4.4mm tissue blocks. One section taken from each block was stained and digitized. 7-15 homologous landmarks per midgland section (204 in total) were identified on MR and digitized histology images. Positions and orientations of sections within the tissue blocks were calculated using the best-fit plane to landmarks identified in MR images, and 4 deformation models (rigid, rigid+scale, affine, and thin-plate-spline) were assessed by aligning homologous fiducials using each model and subsequently measuring misalignment of landmarks using a leave-one-out cross-validation. These quantifications informed the design of a 3D reconstruction algorithm to place histology in the context of the MR images, which was evaluated using homologous landmarks.

**RESULTS**

Histology sections had a mean±std depth of 1.0±0.5mm and orientation of 1.7±1.1°. Rigid, rigid+scale, affine and thin-plate spline deformation models yielded mean±std misalignment of 1.4±0.7, 0.6±0.3, 0.5±0.3 and 0.4±0.3mm, respectively. The 3D reconstruction yielded a mean±std target registration error of 0.69±0.36mm.

**CONCLUSIONS**

Variability in the position and orientation of sections within tissue blocks could contribute substantial (\>2mm) 3D reconstruction error. The deformation models for 3D reconstruction more flexible than rigid+scale yielded small improvements in accuracy (\<0.2mm). Our 3D reconstruction algorithm achieved sub-millimeter(0.69mm) reconstruction error.

DICOM Compliant Histopathology Software

**Danoush Hosseinzadeh^1,3^, Anne L. Martel^1,2,3^**

^1^Imaging Research, Sunnybrook Research Institute, Toronto, Ontario, Canada, ^2^University of Toronto, Department of Medical Biophysics, Toronto, Ontario, Canada, ^3^PathCore Inc., Toronto, Ontario, Canada. E-mail: <dan.zadeh@pathcore.ca>

**CONTENT**

Recent advancements in high resolution whole slide scanners and the DICOM standard will spur a wave of modernization in pathology. Just as whole slide digital scanners are becoming available from several vendors, the DICOM standard has also been amended to include pathological imagery. The latter has the potential to affect pathology much like it has done for radiology. This paper discusses newly developed software that implements DICOM for histopathology images and discusses the changes in DICOM which have allowed the realization of such software.

**TECHNOLOGY**

The DICOM standard recently defined two supplements specifically for pathology: DICOM supplement 122 which deals with the particularities of pathological samples (tissue processing, specimen information, etc.) and DICOM supplement 145 which standardizes storage and data access methods to overcome the challenges of high resolution histological images.

**DESIGN**

Adoption of DICOM in pathology can simplify the workflow for Pathologists. Current day workflows require Pathologists to physically sign out and handle slides. These challenges can be overcome by DICOM since it enables viewing and management of digital slides from any location using computers. Tele-pathology for instance could help many smaller hospitals which do not have resident pathologists and it would allow Pathologists to review cases away from the lab. Automated computer algorithms could also be used to assist Pathologists in a variety of tasks such as tumour margin estimation and disease grading.

**RESULTS**

Software has been developed which creates histopathology DICOM images. The software works with whole slide scanners and can also be operated manually by lab technicians. It produces DICOM files containing all the meta-information available about the digitized slide (tissue processing steps, specimen collection processes, specimen type, sampling methods, stains, fixatives and more). Like other DICOM images, patient, study, and imaging parameters are also embedded in the file.

**CONCLUSIONS**

Digital pathology enables the conveniences of modern technologies. Recent availability of whole slide digital scanners along with recent supplements in DICOM have made advances in clinical pathology possible. We have developed software that creates DICOM compliant histological images to promote adoption of digital pathology.

We acknowledge support from the Ontario Institute of Cancer Research (OICR).

Efficacy Studies Investigating the Use of a Tablet PC to Perform Image Annotations on Digitized Pathology Specimens

**Evita T. Sadimin, Wenjin Chen, David J. Foran**

UMDNJ -- Robert Wood Johnson Medical School, Department of Pathology and Laboratory Medicine, Center for Bioimaging and Informatics, New Brunswick, NJ. E-mail: <sadimiet@umdnj.edu>

**CONTENT**

In modern pathology imaging, the task of precisely tracing the boundaries of cells and other objects of interest is required for performing annotations of specimens, establishing gold-standard image archives for educational and training purposes and for preparing ground-truth training sets to test new quantitative imaging algorithms in computer vision research applications such as segmentation and classification. Given the potential impact of inaccurate renderings, our team has performed a systematic performance study to investigate the efficacy of using a commercial, off-the-shelf tablet to perform these annotations.

**TECHNOLOGY**

The onscreen interactive capabilities of tablets provide a much more intuitive interface for end-users when compared to conventional keyboard and mouse. In this study we explore the feasibility of tracing computer-generated geometric shapes exhibiting well-defined spatial characteristics and a range of salient biological objects by comparing tracing accuracy and repeatability of a standard stylus and mouse.

**DESIGN**

The first experiment utilized a team of volunteers who were asked to trace 1-pixel-wide outlines of angular (triangle and nonagon) and curved (circle and ellipse) shapes. Each shape was retraced at three different scales. A Java based program was developed to record the tracing time and the coordinates of the traced boundaries. Tracing accuracy is measured by computing differences between the generated and traced contours as well as relative error in shape measurements. In the reproducibility experiment, several medical professionals were asked to precisely outline a well-defined microscopic image region five times.

**RESULTS**

Preliminary results showed that tracing the images with stylus was not only significantly more accurate in all measurements than using mouse (p\<0.05); it was also significantly faster (p=5e-11). The stylus also reduced error in tracing perimeter by 12%. In addition, tracing with stylus was more reproducible compared to mouse (p\<0.05). Our results also indicate that it is possible to achieve optimum combination of speed and accuracy by selecting the optimum magnification in annotating pathology images.

**CONCLUSION**

We conclude that medical annotation using stylus is not only feasible but also more intuitive, accurate and reproducible than using mouse. Further work in this area will include implementation of tablet-based pathology annotation applications and better post-processing techniques to improve shape fidelity.

Development of Multigene Expression Signature Maps at the Protein Level from Digitized Immunohistochemistry Slides

**Stephen C. Schmechel^2,3^, Gregory J. Metzger^1^, Stephen C. Dankbar^2^, Jonathan Henriksen^2,3^, Anthony E. Rizzardi^2^, Nikolaus K. Rosener^2^**

Departments of ^1^Radiology and ^2^Laboratory Medicine and Pathology, University of Minnesota, Minneapolis, MN, ^3^BioNet, University of Minnesota, Minneapolis, MN. E-mail: <schme004@umn.edu>

**CONTENT**

Molecular classification of diseases based on multigene expression signatures is increasingly used for diagnosis, prognosis, and prediction of response to therapy. Immunohistochemistry (IHC) is an optimal method for validating expression signatures obtained using high-throughput genomics techniques since IHC allows a pathologist to examine gene expression at the protein level within the context of histologically interpretable tissue sections. Additionally, validated IHC assays may be readily implemented as clinical tests since IHC is performed on routinely processed clinical tissue samples. However, methods have not been available for automated n-gene expression profiling at the protein level using IHC data. We have developed the methods to compute expression level maps (signature maps) of multiple genes from IHC data digitized on a commercial whole slide imaging system. Areas of cancer for these expression level maps are defined by a pathologist on adjacent, co-registered H&E slides allowing assessment of IHC statistics and heterogeneity within the diseased tissue. This novel way of representing multiple IHC assays as signature maps will allow the development of n-gene expression profiling databases in three dimensions throughout virtual whole organ reconstructions.

**TECHNOLOGY**

A software interface, which will be referred to as SigMap, was written in the Java programming language, generated IHC signature maps through a multistep image analysis and image registration process.

**DESIGN**

Unstained sections of formalin-fixed, paraffin-embedded prostate tissue containing discrete areas of prostatic adenocarcinoma of different histologic grades were obtained with approval from the University of Minnesota Institutional Review Board. Six adjacent 4 micron sections were cut from a tissue block. One section was stained with hematoxylin and eosin (H and E). IHC was performed for MKI67, ENO2, CD34 and ACPP and alignment and protein expression with IHCMap was computed.

**RESULTS**

The study pathologist created annotations of prostate cancer areas by Gleason grades present in the block, separately annotating 3+3, 3+4 and 4+3 areas within different virtual planes ("layers") of the reference slide image file. Additional information used by the software included a table of IHC stains and their respective user-input weighting factors. In this study, the weights for MKI67, EN02, CD34 and ACPP were chosen as 0.473, 0.035, 0.035 and -0.014, respectively. The sign of the weights reflects the current understanding as to each protein\'s up- or down-regulation in aggressive prostate cancer, but the current magnitudes of the weights are somewhat arbitrarily chosen to provide a proof a concept.

**CONCLUSION**

SigMap is a unique approach to multiplexed analysis in IHC, and uniquely leverages whole slide imaging. We successfully developed this method and applied it to a prostate cancer signature. Work is ongoing to determine utility in a larger clinical dataset.

In Silico Analysis of Diffuse Gliomas Identifies Microenvironmental Influence on Key Transcription Factors and Morphological Signatures of Glioblastoma

**Lee A.D. Cooper, Jun Kong, Fusheng Wang, David A. Gutman, Sharath Cholleti, Tahsin Kurc, Carlos S. Moreno, Daniel J. Brat, Joel H. Saltz**

Emory University, Center for Comprehensive Informatics, Atlanta, GA. E-mail: <lee.cooper@emory.edu>

**CONTENT**

Emerging multi-modal datasets that link histology to genetic and patient endpoints are creating new frontiers for pathology research. Using data from The Cancer Genome Atlas (TCGA) and REMBRANDT projects, we have developed *In Silico* methods and informatics tools to investigate the role of tumor microenvironment on transcription and the associations of histology and genetics on patient outcome. We have identified both microenvironmental influences on the expression of key transcription factors and the existence of morphological subtypes of glioblastoma.

**TECHNOLOGY**

Whole slide imaging presents opportunities to quantitatively study morphology at large scales. We have developed a suite of image analysis tools to segment and characterize millions of nuclei in gliomas. These tools generate statistical models of patient morphology that can be analyzed for comparison with patient outcome and genomics. We have also investigated necrosis in gliomas using a human-computer interface to identify necrotic tissue. Extent of necrosis can then be compared with gene expression arrays using Significance Analysis of Microarray to identify genes significantly correlated with necrosis. All segmentation and markup data are managed through the Pathology Analytical Imaging Standards database.

**DESIGN**

Percentage of necrosis was analyzed in whole slide images of frozen TCGA GBM tissues. Percentage necrosis was correlated with gene expression to identify transcripts that are significantly correlated with extent of necrosis in 177 slides from 91 patients. The morphologies of 200 million nuclei were analyzed in images of permanent TCGA GBM tissues from 162 patients. Nuclear morphology was aggregated into patient-level profiles that were clustered to identify groups of patients with similar morphology. Patient outcome and genetic alterations were analyzed across clusters to determine cluster characteristics.

**RESULTS**

The transcription factor CEBP-B/D, known for its role as a master regulator of the aggressive Mesenchymal GBM phenotype, was identified as significantly correlated with extent of necrosis. Immunohistochemistry analysis revealed that CEBP-B/D are hypoxia inducible, suggesting that GBM phenotype may be a local phenomenon driven by tumor microenvironment. Morphological analysis of nuclei revealed several patient clusters.

**CONCLUSIONS**

We have developed a suite of bioinformatics tools for multi-modal glioblastoma data analysis and integration and identified morphological signatures of glioblastoma and microenvironmental influence on key transcription factors.
